DIFFERENT PROPERTIES OF FERROUS IRON IN DEOXYGENATED HEMOGLOBIN CHAINS (t)
1. Introduction. -All mammalian hemoglobins possess four subunits and hence four oxygenation sites (ferrous iron ions). Cooperative interactions between these sites play an important role upon oxygen uptake : The oxygen affinity is low in the fully deoxygenated molecule and increases towards the so called « highaffinity-state ». Associated with this the molecular conformation of these sites switches between two corresponding structures, namely the initial out-ofplane iron ions move towards the center of the porphyrin plane and change their electronic properties [1, 2] . The specific oxygenation characteristic of hemoglobin is attributed to the presence of two different types of subunits, the a-and /?-chains, the aminoacid sequences of which slightly differ in their total number of residues and in several local substitutions. When isolated, a-and /J-chains bind molecular oxygen without any conformational change ; this is interesting especially under the aspect that /J-chains spontaneously aggregate to four tetramers [3] .
From low -temperature magnetic susceptibility measurements [4] there is evidence, that inter-subunit interactions result in a change of the iron environment when going from isolated to associated chains ; (such influences are undetectable by crystallographic methods at the present level of resolution). Mossbauerspectroscopic investigation was expected to corroborate these results, however, recently Huynh et al. [5] reported that hemoglobin and its isolated chains are undistinguishable from their Mossbauer spectra.
2. Experimental. -Isomershift, 8, and quadrupole splitting, AE Q , has been measured between 4.2 K and 200 K for several preparations of deoxygenated Fe 57 -enriched human (adult) hemoglobin, HbA, and its native and isolated chains with free SH-groups, a SH and /? SH . The sample preparation is described in detail in ref. [6] . All the samples used in our study were found to possess normal electrophoretic behavior, normal optical spectra, and normal cooperative oxygenation behavior for reconstituted HbA (Hill-coefficient of about 2.7 is comparable to 2.7-2.9 for native HbA).
Another comparable to these found by other authors [7-111 for deoxygenated hemoglobin or myoglobin. They confirm that iron in these proteins is in the ferrous high-spin state.
3.1 ISOLATED as,-AND fiSH-c~A1~s. - Figure 1 illustrates that the quadrupole splittings of the deoxy- (iv) Finally their published spectra reveal the presence of about 20 % of impurity species, which they consider as unavoidable consequence of the preparational procedure. In contradiction to this we succeeded in preparing samples free of such impurity species (Fig. 2) ; the nature and formation of such impurity species is discussed elsewhere [4, 61.
3.2.
HbA. -An interesting result of our study is the fact that the quadrupole splitting of deoxygenated HbA is not only different from that of any of the two chains in the temperature range of 4.2 K-100 K, but that it is also different from the average value
This finding is in agreement with magnetic susceptibility measurements [4] and confirms that the electronic properties of iron do measurably change upon chain association.
The absolute AEQ(T)-values we found for HbA are comparable with those of Huynh et al. [5] within the range of errors, however, deviate from those of Eicher et al. Here again we find it worth to notice that our spectra are free from impurity components in our HbA samples. 
MASS HYBRIDS. -The Mossbauer investigation
of the mass hybrid u , ( F~~~) fiz(~e56) allows the inspection of the a-chains alone in the fully functional hemoglobin. Its quadrupole splitting is almost the same as that observed for the completely enriched HbA : ~t , ( F e~~) /?,(Fe57). From this, and from the discussion above (3.2) we conclude that the a-/?-association is accompanied by a measurable ligand field modification of the heme iron. More extensive discussion of these last data will appear elsewhere.
